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PART r. INTHODiK^riON TO POWi^'H AND KNKHaY 



APPHOACIIING THE ENKRGY CniHlH 

Thu miuvy headed monBlor of Gvnak mylholngy friHucl Ilia Hydra had {\w 
unploaaaril charactgrlsUc of growlug back two hr idy for aauh one cut off, 
The Hat of crlseB which have plaguod us Ln the pa< decado seems to l)ehavo 
Bomewhtit In the same fashion* Ab booh as we f)egfn to bope with ong cuMHis, 
two now problems appear. Wo have seen In rapid succession thn problema 
of air pollutions water pollution, nnlse poJiutionj monetary nrlses, mineral 
shortageSi food shortagesi commodUy shortugcSs ote, Now* a new and more 
dIaturbtnK erlFla which Is ImpUciLly Invnlvod In all the proMcTnH a'^iovc lian 
cxplodod onto the contemporary Hcono~the energy crijis. 

This moBl I'ccent unplaasanlne^B Is partU*ularly alarming for several r^ apons. 
First, it seemed to develop ve^ rapidly springing fron pollMcal and eeonoirlc 
events over which we had little if any dircet control, Tne crisis touuhod us 
aU In a more por£?annl sense than hiivo \hn earlier probkms J-sted above. 
The average American, BtlU deep In a love affair with flie automobile^ 
e^erlenced great trauma when ftiel for tbe object of his affection eUher was 
not available, or had to be purchased at a much higher price* Our sen«^l- 
tlvltles were jarred svhen, In the midst of the Gncr^ crisis^ oil compaiiles 
reported record profits, Thsre seemed to bo more than a little Justification 
for the suspicion that the petroleum Dhortage was engineered, and that in the 
process, the pubric had been *Tiad.'* 

A year or so ago, we were exhortiad to find new* ways to usr elect ri^uty so 
that we could all have , more of the "good life. '* Now we are bombarded from 
the media with hints about how we can do our part to ctjnserve enerig^ and 
help solve the crisis which Is Implied to be the public's fault fn the flrsl place. 

Great gobs of Information about the eners^ crisis have been dissemln.Ued 
through the media. Much of It is either misleading, Incorrect, or l^th. 
The new drive toward ''self sufficiency In ten years" sounds like an admirablu 
ener^ goal for the United States, but Is there more In the concept than meets 
the eye? Exploitation of vast coal reserves seems like a good Idea, but 
should this be at the expense of air pollution standards which were so difficult 
to w^ln? Is there really an ener^ crisis, or were the long lines at the 
gasoline pumps a short terari perturbation, and now Us back to "business as 
usual?" Possibly we shouldnU be too concerned with the energy crisis In any 
case, because with our technical ability we can engineer a "fix" to the 
problem. 

The taxpayer Is caught in the milddle between concepts he doesn't understand 
and prescribed solutions which may or may not produce the desired rosults. 
Most dangorous Is the assumption that, being ignorant of the true Issues, 
the best thing for the average citizen to do Is not to worry. "They" will* see 
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Wil.h'lamlH a .l(.u.MH, of crcKlihilily In IbHv r.,nirTi.-.nlH. 

i:',ji=rv;r^ = 

,„nH- <.r ihp viMlilc pnHHiMlIlluH for ilH Holulion, 

jsl naHUfinfj; Powur 

rm. Towov" r « cxpev>o'„co, wo have 

„,. :, p„„,|, ,„■ l .wn n,ow.-v. To provUlc . fr.mo -loron.., ■.on.-Klcr IIk s, 
,ypi,.'l .cliviilos :n,-l rouKli .•sUn.nloa oMhe power ci.volvu.h 

I.nvvn Movvor ' 1^' 

Aulomr>bilu lip 
.rot (Boeing 707) :?0,0()() 11]) 

ThuH, measured m Hp, u lawn mower Is ^'.mnW and a Jc-t iH "bl«. " 

TO explore the eoncepl of powev a bU deeper. con«ldcv the ^^^^^-^IJ^^^f^' 
n , If mow ai-ma for 1 hour wUh a 1 lip mower, wo Ubc 1 pint 
suppose th:a. a - --^^ f,, , hourH. ,he .n«ine would eon.u.ne 

:L'^fT^^^^^^^^^ (culUng ,rn«B) al the rale of I pin. 

ti^ol^l^ Vo..r, then, IB the rate m which oner^ (In bo,.c for.. 
iH converted Lo uBeftil work. " 

KniiTfY (E) corivcrtuci to imoftil wo rk^ 
^^^^^^^^ I'tiTio (1) raquirod for conversion 

or 

P i . (1) 
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To furlhnr illUHlnilo Ihn t^ruu'ppl, MiippoHt' w«i (^nlculnlc lh(^ "powcM*'' of i\ 
humnn. Thu human body in an (ui^inf (nni()ni? nihvv {\u\\\yH) wiiU'li VDiivtMlM 
(HiurMy frotn milrltinnal HourauH inlo thc^ svork rt'CjuirtuI In tiuiiiiUiin I lit' 
op(^rallon of the txidy unci In ptM'fnrni uhcM eNltTiiiil sviU'k (Hlacklng \u\\vh cjI 
hay, palnLiiii^ hoUHUH, etc.). 'Hie avcrafit? nultMllnnal r(u{uiromLMil of a 
human 1h 2400 largo ('alDrloH of fooH ((Miurfiy) par day, Tharuforo K 2100 I' 
(Kcal IH art abbrcwlatlnn for 1000 ortllnf rj' ralorioH wlilcli ucjual to Iho \a^^^^ 
oalorio) and t 24 hourH, The computed pownr raLin^^ In 



J, 2^00 Kcn\ i^^^j 
24 hr 

ThiH nunih(!r haH llUlu Inipucl Hinra Ihv unil of power uhik] (Kcal/hr) in noi 
gnnnrrdly faml!lar to uh, We van (^orivcrt lo IliJ by tTiuUlpJying 1^ O.OOinno 
Ijrivlnf^ a human pownr rallnK nf 0.I55D Hp. ThlH number is only an average 
powor eonHumptlon flsura, and probubly RhouldnH be takon too BerlniiHly. 
A man can delivur mora povvur than thin bul only for BhorL periods or linie. 
Tliu ralinK 0. inno tip, hawcwer, dous UIuhI rule the power advantage man 
enjoyH through Ihu ubo of uncrpy eonverHlon dovieos (automobiles, jetH, ^ 
machmes* etc,)* 

Another common unit of power is the kilowatt, abbreviated kw, The kw is 
lOOO wattHj the watt being reasonably familiar Hlnec we have all purchaHeci 
light bulbs whoHo power rating is given in watts. But* what Is the relation- 
ship between a l<w and a Hp? Let's look at an OKample. An electric 
griddle typically has a power rating of about 1*5 kw, The griddle converLs 
electrical ener^^? into heat which le then used to cook food. To make the 
power rating more monnlngfuli we can convert from l<w to Hp by muUlplylng 
by i;34i0. The electric griddle, rated at l.^i kw, thua has a horsepower 
rating of 2,012 Hp. This is a very good illustration of the way ve often 
silently consume huge amounts of cner©^. The contrast between eggs 
sputtering on the grlddks and two lawn mowers working outside the kitchen 
window Is dramatie, yot the two aetlvltleH are eonsumlng energy at roughly 
the same rate I 

, A third unit of power which is commnrdy used Is the British Thermal Unit 
abbreviated BTU. A medium si/.ed air condltionQr which would cool two large 
rooms has a ratmg of 13,000 BTU's, That Is, the air conditioner can 
remove heat at the rate of 13,000 DTU/hr. As before, this unit of power 
is difficult to appreciate. We can convert to Hp by mulUplylng by 0.0003929. 
Thus, 13,000 BTU/hr is equivalent to 5.11 Hp, The. contrast between silent, 
cool air and a 5 Hp engine consuming gasoline and making nplie Is again 
dramatic. 
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A Miiinmnrv nf \\\n vnriouM lu)rH(^p()Wi*r r/i|inf4M rliHtMJhH'Ml lluiH Inr prnvlthui \hv 
UnMlH lor M vQvy rt^vciillnK (^oniparlHon- Arr/in^tKl in <UMn'(HiHlri[; ovilvv wu liiivt* 

:}(),()()() 

Viir 2()() Ml) 

Air CondlLlnnor H 111) 

lifiwn IVlowur , 1 lip 

llunmn 0 J(i lip 

Now m) cnn oxproHH jelH In iovmB of anrn or lawn niowerH to get the rolnllvo 
power ralingM, ThcHu unmparlHom; nru given in Table 1. Iho numborH are 
rmmdacl off and are not preolBc caluuluttona. 'Hie intent Ib io provide a nienn- 
inj^fiil l)nHiH to K^iuge enerfjfy dcniands of varloun ncllvltlaH. tt Is Important, 
|f)r nxnmple, to realise that when driving a ear we are uonBumlng crieriiy at 
II ratu ecjulvaieni tn the nutrlMondl requtraniunlN of 1200 huinaiiH, Wo Hhoukl 
undorHtand that a jet eniiHnniPs ^ norKy at a rate equal to 200,000 people, or 
nOOO air eonditionnr^. If the j^nnoral (rend of the numberH In Tiible 1 \h kept 
in mind, off-handGd uomnumtw or projeeLlons about enorfflr eonsunipUon will 
begin to be viowtHl in a Hignlfleant now light. 
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'rable 1. ComparlsonH of Tip l^atin^s. 



NoWj let's turn the trnatnient around and look at energy rathor than power. 

Energy Converted Power x Conversion Tlitie 

or, 

K r in (2) 

o 
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If we ilrivi] a iuir will) a raihiK <>r Hp i'or n huiirH, omv\^ coriHunicHl 
18 1000 lip hv, Wa noLti lluil Hp hr ih nnt nrio of llio mouauroB of oticrgy 
wo aru moHi iumlUar vvUh. Howuver, if \vu fcioK on u ,1. n kw Krlddlu itir Iwn 
hours, W(3 uoiiHurna ii kw hv of nnurgy. iiilH unll of tnun'gy Ih mori^ 
fnmlUur Hlhce It Ih llui way wo iiru blUotl for alucit'UMiy in our homuH. 
LlHtijilty we pay a (aw uunts for onah kw hr f>f cIlh'! rlcui! enori^ coriHUiriccl. 

HeciiH that tho nutrlllonal raciulraincjiil for a hunuiii Ih 2^lon Kcal pur clay. 
In two clayH a huinari would conHUiTic 4800 Kcnil or ^I ,hOo*()0() calorloH of 
ener^. An air concUtloncr with a rating of 10, ()()() lYVV pur hr oper^itlnt^ 
for 5 houra will prouoHB 50^000^ I]TIMh of hoai unuj^My- 

Olhor UHofiil unari^^ urilLt^ can bo derlvufl froiii thone wu have beun dlBcmsHlii|;\ 
For example, a pound oX vonl Iiils a rciiltr^.nblo enurgy uontcmt of ribout 
i:i,10() rriMl, Thun, 20*200 WVV of nnrri^ cnn r'qu IviUiMilJy bn oKprnHHcKl 
an 2 poundB of coaL A biirrul of oil haH an unnrgy oontant of about 
5,510,000 irrU. ThuH, 10,000,000 [VnVH and bHinharrolH of oil (luHfrrljjo 
the BUmo ruall^aitalc c(uantlLy of onorfy, 



Oftt^m, ^'uqulvaluiiL onerffy uuUb" cjan allojw uh to convoy much nioro muaatng 
than do the rl^ornuH HctenLlfki unilH, Five kw hr« nn\y or may not nny 
much lo US; however, the equivalont unit =--42. 1)9 human hrS"has much more 
rnoanliif4:. Wo can readily hqq that the 5 lew Ixvh of energy meane enough 
energy to .^uHlalti t human for about 4a hofcrs, uf 4n huinanB for 1 hour. 
Likewise 10, 000 harrelH of oil Is simply a lot of oil rrioat of us. Itn 
equivalent— 7 2K 5 Jet hours, or 108^200 car hourB— (s 8omcthlng ^ve can 
Identlfsr with. 

Kncrmr and Pqwer Conversion 



All we havG dlHcUHsed thus far, and a groal deal morOj Is suiTimart'/.ed 
In Tiihlo 2, 'rhlB table glvas tlie convGrslon factors nocessai^ to convert 
from oac enerjry measure to anottier, or froni one powor rafcLng Lb anothens 
If we are InterOBted in enerp^ conversion, the infornriatlon at the left and 
top of the table is used to locate the proper conversion factor, If power 
ratings are to bo converted the Inforniatlori at the right and bottom of the 
table is used. Iho notation" fanilliar to BASIC lan|ruago users haB 
been ueed In the table.. In thlB notation 0, 200E-'H 5.^00 x 10'^^, 
7.635E7 7. C3C X lO^ and so on. 

To illustrate the use of Table 2, Huppnse wa convert Iho nulrUional ciicrg^ 
conaumotl by ii lo^n of 10,000 peoplo In one year o an oqulvalent number 
of barrels of oil, Human hrs ■ 10,000 x mS x a i - 8.7G0E7, From Ihe 
table we seo that to get barrels of oil, we must multiply hurnan hours hy 
7.206E-5. Thcreforo, barTels of oil 8,TfiOE7 x 7.206E-5 - 6312. If 
we further desire to ooiivcrt this quantity to jot hours the table tntJlcutcs wo 
must niultlply by 7. 215E-2. Jet hours 6312 x 7.215E-2 ^ 455. Thua, 
10,000 people for a yeflr - 6312 barrels of oil - 455 jet hours. 

f) 
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POWER 

Tably 2, Eneri^-Power Conversion Factbrsl 



AssumpLiona: 1 fful Basnline - 1, 26E5 BTU, 1 lb. coal l.fUlH BTU 

1 cu ft natural gas = 1,050E3 BTU, 1 barrGl oil 5.51E(» BTb, 
1 car 200 Hp, 1 jet ^ 30,000 Hp, 1 human - .156 Hp 
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Wo can <,!onv<ir| \mmv moiiHUroH by .Un! .s«inu piwuhh o.\vo\>l wo uho llic Inrijnnalion 
on tho boUom uiul rli^it.ol lIk) iubUu To illnsl riiki, one jol. Ih ("(|uiviilcnl to how 
many BTM'h per hour? F'rom I he labli! we hoc ihitl lo (id BTU's por hour 
miiHt niulLlply Iho nuinlwr of .id s by 7, n.'ir.K?. Tlu-ivroru, I jot, . 7(i,;)no,.()()() BTII 
per hour. Wo, nolo In piusHlaff that IhlH is cqutvakMil It) many many air bondil lonurs. 

Wo < uso Ihu i/onVorHloii faciiora in Tal)k' 2 lo aoqulru a ""tboling" for a wicia 
range of phunomona ■ hcurtiiR on mu'rHy nnd powor. If you hiivi! accoHs to u 
pot'lttU cuilcululor or know how Lo use a Hliilo rulu, Ihu uxeru iHOB^can lio dona 
qullc uaHlly wlthouL ruHorllng io thu oomputor. I-oi' IhoBC who prafor lo ust! 
Ihu cotiipuLur, a Himplo program ih givon in Flgiira 1, 



I'W BEM CONV PROO 

1 10 PRINT 

120 Pi? TNT 

^MiiN'r "(iUAN'i'n'Y to i^i'' cnMN'Kiri'HD"; 

1-10 INPUT X , 

lOd PRINT 'CONVEI^SION FAC'I'OR"; 

U;0 INPUT V 

110 PRINT "CONVERTED QUANTITY "-.F+X 

180 GOTO 110 

1 U0 K Nl) 



Fig, 1. Convoraion program. 

EXEHCtSES 

1. A frankfurLor cjontalns about 150 Kcal of food energy, : 

a. How muny BTlMs ir this? 

l5. IIow inany human hours ? 

Suppose wo oat and convert' Lo oncri^ 2 frankfurter^ 
per hour, What Is the power rndng^ln Hp? 

2. A quarter pound block of TNT has ^ an onor^ aontent of 410 KcaL 
A quarter pound block of buLter has an enerffi^ content of 812 KcaL 

a. Assume It takes 24 hourB far the quarter pound of butter to 
be converted Lo energy. Compute the power rating in kw 
and Hp, * ^ 

Assume U takes 0,0001 seconds (or 2.778E-8 hr,) for the^^ 
quarto r pound of TNT to be convorted to enersr, CompuLe 
the power ratlnB In lew and Hp. 

The pnerffl^ content ratio of TNT to butter Ih aboul 1 lo 2. 
During the tlnie ener}^ i)cing convorted, what, Is the 
. power ratlD of TNT to butter? 
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The 1970 population of California was aboul 20, 000,000 peaplo. 



a. How many jots will consumo onorgy at the samo rate as 
the nutrltlomil roqulrcnienti of the populutlon of California? 

b- What Is the mutrltlonal power rating of the population of 
CaUfornla In barrele of oil per hour? 

Wliat la the nutritional power rating In horsepower? 

Tho overall enev^ consuinptlon per capHa In the United States 
Is about 20,500 BTU per hour, while the saxrie figure In Japan 
1$ about 3400 BTU per hour. ^ 

a. What La the equivalent horsepower rstlng for a United 
States famUy of five? 



What li the equivalent horBepowar rating for a 
japane§e family of five? 

One of the largeet oloctrlcal generation facllUleB In the world la ^ 
operated by the TVA at Paradise, Kentucl^., The plant has a 
capacity of \lpl50, 000 kw. What la this power rating Im 

a. Tons of coal per day? 

b. Barrels of oil per day? 

c. Jets? 

d. Care - * , 

e. The actual consmnptlon of coal is 10,570 tons of coal per 

* day (enough to fill 210 railroad cars). How "do you explain 
the dlCference between this number and the answer 
obtained In a. ? What is the overall conversion efficiency 
of the plant. If . - 

/ I EnerOT Consumed ^ 

/ % efllclency - — — — rr^ x 100 

/ Actual Consumption 

The 1971 automobile registration to l^e United States wjis 92*7005 pOO. 

a* Qn the average 92,700,000 cars operating Inteirolttently 
|s equivalent to how many cars operating continuously? 
' (Make a reasonable estimate.) 



b. How many barrels of oil par hour are Implied 
by tha Mswar to part a? 

c. Assuming a conversion efficiency of 50% from coal 
to electricity, how much coal (tons par hour) would 
be required If we powered the oars 1^ alaetrlclty 

In the miswer to part a, and geriaratad tha alaetrlctty 
from coal? 

In 1971 the United States produced 22. 5 trillion (22.5E12) 
cubic feet of natural gas. Averaging Uia production out over 
365 days, what Is the natural ^s production power ratlngi 

a. to kw? 

b. In jets? 

e. In power plants (1,000,000 kw per plmit)? 



- " PART n. ENERGY CONSUMPTION AND SUPPLY 
EXPONENTIAI. GROWTH , 



At the heart of the enerBr crisis are ej^onentlaUy growing enam demands 
whQe the supples of energy tend to remain fbced. The whole notion of 
e:^nentlal growth Is not well understood In general, because we ordlnarUy 
tend to think to terms of linear growth. Since the contrast between linear 
and er^onentlai growth has such flmdamental Importanoe, we must make 
certato that the characterlBtlcs are clearly understood. 

Linear p-owth Is characterized by a fixed amount added In each time 
Interval. To Illustrate, suppose we agree to work for 1 cent the first 
day, 3 cents the second, B cents the third day, and po on. The dally 
pay Is growing Itaearly at the rate of 2 cents per day. (The term "linear' 
refers to straight line growth.) 




1 2 3 4 5 C 7 

Fig. 2. Linear growth Is In a straight line. 

Ej^nentlal growth, on the other hand, Is quite different. Here instead 
of adding a fixed amount, a fixed percentage of. the amount at the 
beginning of each time period Is added during that time period. If we 
return to the example of receiving 1 cent pay the first day, but now set 
the growth at 100% each day, we would receive 1 cent the first day, 
2 cents the second, 4 cents the third day, and so on. In this particular 
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case when the growth In each time Interval Is, 100%, there a.a aoubllna^ 
time Uiterval. 
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Fig. 3. Ej^onentlal growth double In each time Interval. 



The comparison between the two types of growth Is shown In the list 
Fig. 4. 

Linear Ejqjonentlal 

Dav Growth Growth 



1 1 1 

2 3 2 

3 5 4 

4 7 8 

5 9 16 

6 11 32 

7 13 64 

8 15 128 

9 ■ 17 256 
10 19 512 



Fig. 4. Exponential versus llnoar growth, 
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Now It Is clear why the old fable about working for 1 cent the first day, 
...2_jcants..iha_seoondr- 4- oent&- the- -thtr<^ so" star tllng r" 

As seen In Figure 2 the wages the 10th day would be $5.12. If we 
project forward the worker receives $5,242.88 on the 20th day, and ^ 
$5,368,709.12 on the 30th day. Such are the astonishing and somewhat 
terrifying characteristics of exponential growth. 

It is also clear that no quant l^ can grow exponentially for too long 
wUhfluL absurd conclusions. If doubling process is allowed to proceed 
for 333 time periods, the quantity will have grown to a googol (10^^^ or 
1 followed by 100 zeros) a number so large there Is question whether any 
physical meaning can be assigned to it. Thus, we can be very certain that 
If bacteria are doubling, for example, that the process will be Interrupted 
long before 333 doubling times have passed. A simple program which will 
permit us to Investigate exponential growth Is given In Figure 5. 



100 REM GEO 
110 PRINT 

120 PRINT "INITIAL AMOUNT"; 
130 INPUT A 

140 PRINT "PER CENT GROWTH PER TIME INTERVALi 
150 ^PUT P 

160 PRINT "HOW MANY INTERVALS"; 
170 INPUT N 
180 PRINT 
190 PRINT 

-200-~PRmT "MTERVAL", "AMOtfNT"^ - 

210 PRINT 

220 FOR I = 1 TO N 

230 PRrNT I.A 

240 LET A=A+P*A/100 

250 NEXT I 

260 END 



Fig. 



Program for exponential growth. 



The Simple Rule of Seventy Two 

In the exercises concerning resources and consumption nl the end of this 
septlon we will examine the characteristics of exponential growth In detail. 
However, there Is a vo^ simple rule which can give quick Information 
about the subject. If the growth In percent In each time period Is divided 
Into 72, the result Is the number of time periods to double the quantl^ 
growing. 

If we are luqlgr enough to find a steady 12% Investment and Invest $1000, 
leaving the Interest to add to the principal, the Investment will grow to 
$2000 In 72/12 or 6 years. If bacteria Increase by 2% each hour, the 
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aumber-^of-baGterla will dou^^^ In 72/2 or 36 hours. The rule of 72 is not precise 
but It does give very rapid, and reasonably correct Insight Into cj^onenilal growth. 



RESOURCES AND CONSUMPTION 

Oil Reserves and Congumptio n 

There is a bewildering, and often contradlctoty, set of data purporting to 
.deaerLhe_thei world oil reserves and consumption rates. Upper estimates of 
the Earth^s original sto^of oil range from 1000 to 2000 billion barrels.^ ^-^^^ 
course, the origlnivKamourttspresent Isn't what concerns us the most at the 
present time. What we need to know Isi how much oil Is presently available 
for exploitation on some reasonable economic basis, what Is the present 
consumption rote, and how Is the consumption rate changing? 

The U»S. Bureau of Mines estimates the known global reserves at 455 billion 
barrels. TAe global consumption rate Is about 15 billion barrels per year, and ' 
is growing at an average rate of 3.9 percent per year, 2 Putting aside for the 
monier.t the staggering political and distribution problems Involved In equitable 
conBumptlon of the world's oil reserves, and assuming that there Is no additional 
grow... In consumption rates, we have a 31 year supply of oU remaining. Of 
cuurse, even this alarmingly small number of years must be very optimistic 
because It is almost certain that consumption rates will grow. If not In the 
developed countries,, then certainly In the underdeveloped countries. 

program whtch^tir enab 
assumed growth in consumption rates Is given In Fig. 6. We will use this 
program to consider other depletable enera^ resources in turn. Without making 
any calculations beyond those presented above, however, we can already conclude 
that there must be fundamental and far reaching changes In the United States In 
the next three decades. It Is particularly Important to consider the United 
StateB. since with only 6% of the world population, we account for approximately 
33% of the total energy consumption,'^ First, there Is bound to be a shift away 
from oil to other ener©^ resources. This will cause economic shock waves in 
those, parts of our economy primarily concerned with consiJunptlon of oil (the 
automobile and power production Industries). Second, the oil will not simply run 
out on a given day. As the oil reserves become more difficult to locate and 
workt'^ the price of oil must Inevitably rise, ThGre Is only one way gasoline 
prices can go, and that Is up! To fall to recognize these simple facts la to 
deal In the most dangerous type of fantasy, » 
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10 


REM RES DEPL 


110 


PRmT ' 


120 


PRmT "TOTAL RESOURCE (ARBITRABY UNITS)"; 


n0 


INPUT T 




PRD^T "ANNtJAlj CONSUMPTION (SAME UNITS)"; 


15^ 


INPUT A 


16^ 


PHDJT "ANNUAL GROWTH IN CONSUMPTION (PERCENT)"; 


170 


mPUT R . 


180 


LET N=l 


190 


LET T=T-A 


200 


IF T<0 THEN 240 


"210 


-LET A- -^fl+R /i00) * A ' _ 


220 


LET N=N+1 


230 


GOTO 190 


240 


PRDJT 


250 


PRmT "RESOURCE DEPLETED IN "N" YEARS" 


260 


END 



Fig, 6, Program for resourue depletLon, 



Coal Reservea and ConBumption 

The world situatioii with regard to coal li certainly much tarlghter than the 
oil picture. The known global reserves of coal are estimated to be 5000 
billion tons> Th e annual tota l c o naum ptio n is about 2 billion tons per year, 
and the consumption rate Is plowing at 4.1% per year, ^ 

If world coniumptlon went on at the prenent rate, there wduld be a 2500 yea 
supply which looks veiy gooB Indeed, However, the oil will certainly be 
e^diausted soon, and we realistically should replace consumption of oil with 
coaL The present world consumption of oil Is 15 billion barrels of oil 
per year, which Is equivalent to 3.2 billion tons of coal per year. Thus, 
the total cpnsumptLon of coal and oil Is equivalent to 6.2 billion tons of 
coal per year^ giving a 480 year supply at present rates. Even with 
reasonable growth In consumption rates, It would appear that there lb still 
plenty of coaL 

The true situation is not quite this simple. First, the mining of epal 
Itself can be ve^ destructive to the environment. Underground mining 
does little to the land but Is e^enslve compared to other methods. The 
mining method preferred by coal companies Is strip mining where the coal 
deposits are laid bare and scooped out with mMfiinoth machines* This Is 
the procees that has laid waste to large areas In .Appalachian Powerful 
forces are presently being brought on Congress to pass legislation requiring 
strip miners to restore the Imd they dig up to the same condition U was 
in when they found It, However, this will add to the price of strip mined 
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coal, and may well foreolose the possibllLty of massivo strip mining of . • 
huge coal deposits m Montana and Wyoming. 

Another problem Is that combustLon of coal, most of It with high sulfur 
eontent. pt-oduces unacueptable levels of air pollution. We will have gamed 
little if we solve the.oll crisis by turnUiB to coal, and In the process convert 
the atmosphere Into an open air cesspooll The technoloK^ Is available to 
convert coal to synthetic oil or natural gas. Synthetic oil was -produced from 
coal in Qennany in World War 11. Massive projects are underway m the 
United States now to develop an economloaUy sound coal gasification process. 
However, coal gas iflcatloii is still In the experimental or pilot plant stage 
and is many years away from a significant contribution to the nation's energy 
needs -For the next de:cade,^t seems likely that we wUl continue to use oil 
reserves, buying time to develop the tecKnoloW 16 take^a^ 

resources without creating an ocologloal disaster. ' ^ ^ 

Natural Gas . Reserves and ConsumptLon 

Of all the fossil fuels, natural gas is In the shortest supply and the greatest • 
demand Natural gas provides the eleant st source of enera^, and is used in 
many different manufacturing processes. The world situation with regard to 
naturaLl gas. however, closely parallels that of oil. This ia not accidental smce 
there Is an almost constant ratio of natural gas reserves to oil reserves. 
Historically, about 6000 cubic feet of natural gas are discovered for each 
barrel of oU, . • • 

The world reserves of natural gas are estimated to be 1140 trllllon-(il>10E12> 
cubic feet The world wide consumption Is 30 trlUlon cubic feet per year ar.d 
is Increasing at an average, Annual ratD of 4.7%5 If consumption remains at 
the present level, there Is a 38 year supply left. .• 

The United states Is In a particularly unfortunate position lii that federal 
regulation of natural gas prices has encquraged residential and Industrial 
usage at a time when the gas prices should realistically be much higher. 
Thus, an artlflcally Ic* price, and delay in development of new natural gas 
fields has produced a serious shortage In the United States. It Is Interesting 
to note that one of the first trade agreements with Russia calls for Importing 
large quantities of liquified natural gas. 

Other Energy Reserves 

Much has been said recently about nuclear, geoaieroial, solar, tidal, and other 
new sources of energy. In the long run some of these new power sources 
m^ be very promising. At the present time, however, nuclear pr wer plants 
are Btlll not provldtag a significant part of the total enera^ Input Into our 
economy. In point of fact, our economy is almost completely dependent upon 
oil, natural gas, and coal, and probably will continue to be so for the next 
decade. This Is required by the lead time needed to design, construot, and 
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begin qoeratlon of new nuclear power plants. Other new sources of 
power will requlra even longer lead times. Like It or not, %ve are 
Inaecapably bound to the economics and politics of fossil fael for the 
near ftiture, 

EXERglSES 

i; Use the prograin In Fig. B to verify the ''rule of seventy 
two,'* Look at growth rates of 1, 2* 3, 20%. For 

what growth rates Is the rule mo^t applicable? 

2, In an exponentially doubling process* the size at any stage 
Is 1 more than the sum of all the preceding stages (check 
this out In Fig. 40 After about 10 doubling periods, the 

^utti of all the sizes Is essentially double the last one. 
Use this fact tp Invest Ip^te how much wheat Is Involved 
In -the Indian fable about 1 grain of wheat on the first 
square of a chess board, 2 gtalns on the second, 4 grains 
on the third square, and so on for the entire 64 squares 
on the board. How many p-alns of wheat are on the 
. \ board? (Extra ertidit- Assume a grain of wheat Is 0.25 
Inches long and 0.02 inches In diameter, How big a bin 
would be required to hold the wheat?) 

3, Use the program in Fig. 6 to Investigate the time to 
depletion of the fossil faels discussed In this chapter. 



a. Begin with the estimated reserves * annual 
consTOiptlon, and growth rates given In the 
discussion. 

b. Find out what is the effect of changing the size 
of the reserves. 

c. What Is the effect of changing the growth in 
consumption? 

d. Suppose we cut down on consumption (a negative 
percentage in growth of consumption)? ^at , 
effect does this have on times to depletion? 
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Possibly the nations of the world could stretch, out the oil , 
reserves by cutting back on the growth in donsumptlon by a 
fixed amount each year as Indicated below, 

ft' 

Growth In 
Year Consumption 



1 
2 
3 
4 
5 
6 



4% 
3% 
2% 
1% 
0% 
=1% 



7 ■ -2% 



etc. 



The growth In consumption la decremented by a constant airiount 
each year. Modify the program In Pig. 6 to take this Into 
account 1^ adding these lines: 



175 PRINT "DECREMENT"; 
- 176 INPUT D 

215 LET RiR-D . ^ 

f 

Try dLfferent decrements and see what the effect is on the 
lifetime of the oil reserves. 



Optional for Programmers 

Let D be the depletion of a resource In percent, and N be the number 
of doubling periods in consumption of the resource to ejdiaustlon. The 
relation between N and D Is 



^ ^ 2 ■ 0.434294Ln(D) 
0. 301205 

a. Write a BASld program to generate a table giving N for D 
equal to 100, 10, 1, O.l, .... 0.00000001%. 

b. Suppose we have used 10% of the world's oil, and that the 
growth In consumption la 4% per year. What Is the doubling 
period m years? How many years until depletion of the oil 
resourDes ? . 
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Suppose we have used only. 0.1% of the oil 
supply In the world. What does thli do to th 
answers to b, ? 
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ENERGY C OKVERSION 

Ener©^ resources In their natural form are Uiually not available or useful 
to us as Qonsumers, A barrel of crude oil' In a '^ell in Kuwait Is of 
no value when atteinpt to prepare & meal on an electric range la 
Callternia* Similarly, watet Impounded in a Amm above' a hydroelectric 
plant In Wastlngton provldsi no direct asalitance to a commuter traveling 
to work , in Chicago. EnerBr must be transfornied Into forms wfilch are 
easy to dletFlbute and convenient to use, An taportant dlfflc^ty In the 
complex of anero^^related problems is that the processee of convert Ing 
and distributing ener^ ar^ not vsvy afllclent* 

Whan examining the effectiveness of an ener^ convarabn process > the 
eneror losses at each stage are considered. Table 3 gives a number of 
conversion processes and their oorrespondLng efllclenclee* The ratings 
were taken from a.nunibfer of souroes and should be considered only as 
typical, Thay are aufflclently aocurate, however, to provide Irialght Into 
the overall efficiency of ener^ oonsumpt^n patterns * 

By efficiency I we mean the fraction of ener^ that survives the process. 
For axample; Table 3 Indicates that a dlesel engine has a conversion 
©fllelancy of 0,38. If lOpO BTU^s of dlesel ftiel are consumed by. the 
englnfe, only 380 BTU»s (equivalent) are ( delivered In tl^e form of 
mechanical energjr. The balance of 620 BTU*a Is lost In the foim of 
heat which may not be recovered. If more than one stage Is Involved, 
the correspondtrig efficiencies must be multiplied together* If the dlesel 
engine Is coupled to an electric generator \^hleh Is used to power an 
Incandescent lighting system the overall efllolency Is 

' 0.38 ^ 0^98 X 0,0B - 0,019 

*.In this example i for eve^ iOOO units of ener^ that onlar the 
conversion process, only 19 emerge as light, with 981 units lost and 
no longer avallaUe, This eKample makee It palnftally clear that this 
tjrpa of UluinlnatlDn Is Incredibly wstelUli ^ ^ 

Figures In Table 3 Indicate that water turbines are highly efficient, as are 
electric generators, it seems clear that the most efficient way to utilize 
^dropower Is In ^droelectrlc* plants. The overall effloLency of the 
generation of electrlci^ T^droelectrlc plants la? ^ 

0,83 X 0*98 ^ 0*81 
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Device 



Efflc lency 



Converts 



To 



Diesel Engine 


0.38 


Gasoline Bnelne. 


0,25 


Water Turbine 


0.83 


^tpkm Turbine 


6.47 


EleetTlc Motor 


■ 0. 63 


Human 


0. 24 


Steam Boiler 


0. 88 


Nuclear Reactor 


0. 65 


Gas 1X115306 


0, m 


Oil Furnace 


0. G5 


Gas Range 


0. (i5 


Eject ric Range 


0. 90 


Thermocouple 


0. 07 


Generator 


0. 98 


Solar Cell 


0. 10 


Fuel cell' 


O; GO 



Incandescent Light 
Florescent Ll^t 



Elac 



sis 



0, 05 
0. 20 

0, 98 



Fossil Fuel (dleaal oil) 
Fossil Fuel (gasoline) 
Energy of falling water 
Steam 

Electrlcl^ ^ ; 
Food Ener^ 

Fossil ' Fuel (any tj^eV 
Nuclear Fuel (uranium 

Fossil Fuel (natural gas) 
Fossil Fuel (heating o]l) 
Fossil Fuel (natural gas) 
ElectrleUy 

Heat 

Mechanleal Energy 
Light 

ElementAl Fuels (H2 and 
O2 

Electricity 
Electricity. 

Electricity. 



t^echanlcal Enersr 
Mechanical Energy 
Mechanical EnerE^ 
Mechanical Enargyv' 
Mechanical Enerffir 
» Mechanical Encrfflr 

Steanrt 
Steam 

Heat 
Heat . 
Heat 
Heat 

Electricity 
ElectrlGity 
Electricity 

EleGtricity 

Light 
Light 

Elemental Fuels 
(Hg Og) 



Tal)le :l Energy Convorsion Efficiencies 



An additional advantage of this process is LhuL hy^lroeleclric plants are clean 
and nonpdUutlng. Unfortunately THhe amount of developed hydroGlectric powei" 
kvallable 'ln 1970 to the United St^es was only about 4.2% of the total enor^ 
eoniUmptlon, Geography and M^euther place absolute upper Unfits on the 
hydroilactrtc power that is theoretically available. This becomes very clear* 
If we compare the hydroelectric potential to the annual per capita consumption 
of power In the United Statei which is about 10 kw. The entire hydroelectric 
potenttal In the United States Is 0.8 kw per capita which Is about 8% of our 
currant ener^, consumption, 'At the other extremes Norway has a hydro- 
electric potential of 13 kw per capita.^ Obviously hydroelectric power cannot 
provide long range solutions to the ener^ problems facing the United States. 

If one were to step Into an •olectrLc generating plant in the United States * 
the odds are overwhelrning that it will be a stbam generattng plant fired b^; 
fossil tueL The conversion Is by steam boilers to steam turbine* to 
generator with an overall efficiency of . , - 

0.88 K 0.47 X 0, 98 - 0,41 

It Is most Impoiotant to note that If lOOO energy. Units are converted to 
electricity by this process, 590 units will be lost as a heat load to the 
' envlronitient. Any time electric applications are conslderedi wc r^ust 
reiTiember this basic fact ^ If* as some recommend, we move to ruvd^^ir 
el^trlc plants I the overall efficiency ' 

i 

■ s 

' 0,65 X 0,47 X 0,98 - 0,30 

goes down and the heat load on the environment Is Increased. In addition, 
nuclear plants pose difficult safoty and disposal problems; their 
radioactive fuels and wasteH, while not explosives are extremely 

tOKlC. 

ENERGY DISTRrBUTION . 

Just as important as the conversion of oner^ In providing consumers with 
- uaable ener^ Is its distribution. Certain types of energTj such as mechanical 
anerB^i steam and heat, can only be duitrlbuted In ^a. very limited sense. 
For example. It is practicable to distribute steam within a plant, or even 
possibly within a town; howeverp It Is not possible to distribute steam 
economically over larger areae. 

The network of high voltage transmission lines which crlsscrose the 
United States bears mute testiniony to the ease with which electric Uy can 
be distributed. Indeed, this distribution system oKtends Into Individual 
rooms within our hbmes. If society desires, the generating plants cart be « 
located far from the area served with consequent decrease In air pollution 
for the consumer. 
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The vast majority of our, emv^ needs aro provided by .fossil fucls.^ Oil can 
'be distributed easily over land through pipelines. The cheapest mode of 
4 transportation of oil known Is % sea. ' The- super tankers, shuttling from, 
the mldeast to world markets transport, Incredible quantities of crude oil 
, ve-i^, economically. ',Llke oU, natural gas can' be moved feaeily In pipe lines-, 
and it can also be movecl In refr Ife rated tankors which hold liquified 
naturargaa for o'oean transport. Coal can be moved econ^mlcaUy .in any < 
bulk Iransport facility (ttalns, ships, barges, etc.): Coarcan also be 
pulverized, mixed v;lth water to malte u slurry, and then pumped through 
jllperines as any other fluid. . . 

In suinniary, fossil fuels can be Lrnnsmltted and distributed easily using 
ejclatlng leehnlques. When fuels are convertejd to electric Uy, the enerp 
can be distributed very easily over transmission lines. This fact (afnong 
otbers) has encouraged the rapid growth In demand for electricity. 

NEW ENERGY CONVBRSIO>TS . ' = ' 

As the price of fossil fuels goes up, as It irievUhbly must, serious ccnslderatlon 
must be given to new sources of energy. These Include-. , 

a. Nuclear reactors 

b. Broeder reactors 

c. Solar etiarB^ ^ 
^ . d. Wind ener^ . ' 

tj. Tidal cuGrK' ' 

f. Geothcrmal ener^ 

g. Fusion reactors • ■ > 

Each of these has certain advantages and each has problems which must 
be considered and dealt with. «• 

Nuclear reactors are already on the scene. Eveiy year new plants- come 
on-line, and new construction permits are filed. Nuclear fuel (Uranium 235) 
Is fissioned, or split, vvlth the resultant release of energy used lo generate i 
steam which throUgh turbines powors electric generators. As already 
dlscuased, the procoss Is not particularly economical having an overall 
efficiency of about 30%, Two serious problems. mar the desirability of 
nuclear power. The first is that there are limited supplies of uranium 
to fuel the roactora. It wuld only be a question of time until the price 
of nuclear generated electric power would start the Inevitable climb due to 
scarcity of uranium. The second problem Is more .serious— that of absolute 



conlulninoiU of lliu lUiHiouullvu ruHidtiuH froni i ho rcuuUorH, Much \\m IxHin 
^rlllen, unci miiny floluiion« havu bucn propoHfuJ, liul wo foolproof muUiotl him 
been dumonHlnilc^tl lo (jULo. Thin liaKiircl of hidioiuil Ivo cnntrimlniil Ion Ik 
rcsponslblu for tnogl of llu^ prntc^ls u^yainHl nnulpar povvnr llial luivu hinm 
filed by onvlronrnunlul p^oupn. 

BrocdoT roactorH offer ii f^olullon to Lht* pDlrMiLlal uranium Hhorlagc' prohlani 
TTientionocl abovo. During Iho fl«Hlon procenH, nuulronH which arc rclonHcd 
in nbutidanco uun \)v ubuJ Id cjonvui'l a riDii riHHloiiul>lu foriii of uraiuujii (ll2;tH) 
to a flBHlonablu fonn of plutoiUuni (Pu2^M)). In t^ffucl, -whllu ^rorioriitliif; power 
tho breodor reactof gonernU^s nuw fuel whltili min btj' iiBod lo gunurato more 
powor. The pTohlmx of radloiicLivu ruBlduc, hoNvovar* romairia, Tlie 
tochnolo^ for lh«J hTendev roagior in not woU devclopad. It seems Ukely 
that significant power gonerated brocdor voactorH Is at IcasL a deciide 
away, 

Solar unurgy han Ixjun raforrccl to an Ihu ''j^luni boyoiid rtiLich. Wiicjthar 
this iH Irm or nol remains to be soon. It svm boIliv ennr^, coiiverLcd to 
blomaBS by photosynllieiLs laid down ovor mill ions of years that Is responBlblo 
for the fossil fuels vve ute deplotlng In a few decades In modern Llmeg, k 
little data show§ why solar omv^ is potentlnlly bo attractive. At the latitude 
of the United StatoSt about 0.15 watt per square Inch of power Is recet'ved 
at ground level from the surt. Fronn here oiij it is Btrletly a queation of 
efiflelency nf convgrsldn* Solar cellg have praven effLcl^ncies of at least 10%* 
At this efflulency 1 k%v of electric power would require a square Bolar cell 
22 feet on a side, ttlgher efficiencies would cut dov^n the size of the necessary 
convertcrB. At the present tLme, a groat deal of research Is taking place 
looking for choap, efflclGnt ways lo convert solar powar to eleetrLclty or heat, 
At 50% efficiency, the 1970 powor requirements of the United States could be 
furnished (when the ^iiri Is shtnlngl) with a iquare conversion facility 85 iniles 
on each ilde. 

Since the Bolar ontjy^ Ib available only durlnif hours at sunshine, this Houruo 
of energy is foaslblo only if n storage mechanism can l>e fouiid to penriU the 
steacty dlBtrlbutlon of power. One very attractive soluLLon has bepn proposed. 
Electricity gcneraied during hours of sunshine would be used in electrolytic 
GcUi to convert water to hydrogun and o^^gen. These gaises could be 
distributed ualng natuml gas distribution facilities mi consumed as Aids. 
Or* the ga^Bes could he recomblned Iti fuel cells which generate electricity 
vvlth water as a byprodiict. The electricity generated with fuel cells Ls " 
completely nonpojlutlng* A 42 million dollar project li under ^ay at Pratt 
& Whitney to develop a 2flp000 kw fuel celL Nine power companies hope to 
begin delivering fuel cell produced electricity by 1S78. Each of the 26, OOO 
kw fuel cells will produce sufficient electricity for a city of 2b,O0O| will be 
located on leis than half an acre, and will be about 18 feet high* 
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la wodflrn limes, lochnology Uub l|,moro<l LWh fvco .-foufuc of oiior|ry. 
Consldei-flble powQr Is available. One Houfc^o In.litnilCB the nvuruKa wind 
power in the Oklnhoiiiu CUy aroa is about 18.5 w.'UtB por Hquaru fnoL ol 

peiT)owllcular to Ihu wind dlrocUon. ^ In 1941, iiri oxporlmenUil Wind 
lurblno wria cMmatruclod In Vormonl whlah dovclopod up to 1400 Iw f.l _ 
power A.t that time HtuclleH Indlcatori Lluit an ucoiumilciilly optlmuni wind 
lixrUm vvuule] stand about lOG fuuL h\^, with a diimclev of about 225 foot, 
imd could deliver up to aOOO kw.» Binco that time. Mvi Icdmlqiies, and 
ospflclally now mutorlals may have mmJu wind povvor nriueh moru taaalblu. 
The federal govornment has a five yoiir prograni whU* will fltudy und 
build prototypo wind powor pliints. ' By nnld=197fi ti LOO Iw wind operated 
plimt t-apable of hoatlnfj, aoollnK, and UghtlnK six homes will be In operation 
in Ohio. 4s in aolar oncrf,^, If the caactrleity producod from thu mtcir- 
mlttent *vind Is used to produuc oxyjfen and hydi'ogeii, constant aiBtribuLion 
of emm can bu ucdilovcd. Onco agidn. no pollution results from harnasslnK 
this enorgy sourctJ. 

The tldGS furnish another free Hourcu of onergy. Tlio total tidal power hns 
been eatlwafd ul ,3 bimon kw. As the tides flow, water can be impounded • 
and suheequontly directed through iurblnes. Only oM full scale tidal 
electric plant is in operation. Built on the clmnnel coast of Frfinee, unci 
started up in 1066, It had an Initial power output of 240,000 iw.. The 
average power eonsumed per capita in the United States Is 10 Iw. Thus 
the tiotal power consumption In the tJ.S. at the present time Is about 2 billion 
kw or about the same as the total estimated tidal power. It is cU r that 
If worW power requiromenls koep growlnB, Hdal power cm bo only part ot 
the total golutlonj 

There are two potential sourueB of Beothermal power.. The first derives 
steam ftnm underground volcanic activity near the siirtuce of the earth. At 
aeveral beat Ions In tht- wrld, power is being produced commcreially from 
tills source. The total capacity has Ijnen estlmatod to be O.'f! billion kw. 
A-SBCoiid source which potentially Is far larger is the heat conduetlon in 
tHe earth's rock crust. This has been estimated to have a total capacity 
of 32 hllllon kw, or roURUy 10 times the 1970 U.S. power rating. There 
are great unsolved technical problems In the economical rocovoiy of geothormul 
power in sisnlflcant quantltltoa. As the price of fossil fuel Incroases, 
geotliermal power will certainly receive more attentioii. 

tf there is an ultimate .■source of energy It la oontroUed fuslori. The enerKy 
Ifl derived from the ftislon, or Joining together, or deuterlum-one of the 
forms of hydrogen. This Is the .same source of energy utilized In a hydrogen 
bomh. except the enersr release Is controlled. The most plontlftil source 
of hydrogen Is water. For. every SOOo atom a of ordinal hydrogen m water 
a fllngle atom of deuterium 1* present. To give some Idea of the energy 
involvfld, the deuterium In 1 gallon of water has an mergy equivalent of 
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about '<! barrc-lB of cmkIo It' onmmli dciitcifiuni wvva wilhilnuvn In.ni llu; 

oceiins lo reduce Iho initial coiitHHilrutlon Vl, ihc v\wva ihni pnienlially 
could be proiluc'od through (•ontrolUifl fuslpn would be aboul 5()(),()()() llmcn ihc 
ener|fjr of Iho world's total liillinl HU[)ply of funs II fwU. 

Conlrolktl fiiHlnn Ih the uneorl;iln ctjrtainly . It Ih fortaln thai cnnirollotl 
fusion will be avullublu. II Ih iinuuTtriln juNt whon U will be a ronlUy. I'Ih' 
oonsequifticuH of fren cmcr^ in unllniilc'tl (iiiiuitU Ioh aru iTilml boggling: 
Ilowover, IhlB is vwhiit Ih lmpllt;d hy uoiilrollt-fl I'liHion, U Ih clear why moHL 
of the [ntluslrlal iinlioni4 of tho worUl havo \m%o (icjiUrollinl f'UHlon rcsuarcb 
projct'ta undor way, 



Exdminc Ib.u cfflc'tont' Iph In 'Tabic '5 .'iiitl makt' rocommcmdiit ionH 
iibouL how aticl in whaL forri unergy KhouW be supplied to meet 
the nctjtlH of u home assunUng that thu go;il Is to aonaprvo unorgy, 
State eluarly any nKHUniptlons you make. 



The following arc oHtlmi 


lion ot hoiisehold appUanccs and their 


povvor consuniplionH: 








Powor 


Kw HnurH 




I^atlng (Uw) 


Per MonLh 


Air ronditionur 


1.325 


4118 


ElucLrlc HungD 


12 


100 


Hefrigc ralor 


, 0,205 


98 


ClothcB Dryer 


4,35 


80 


W^lndow Fan 


, 200 


58 


Color TV 
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AH the appllmices Gxcopt 


tho last Iv^o could Iiq 


powered by 


natural gas if desired, 


ComiTient on the etier^ eonsuinpiion 


pattorna implied by the 


appliance ratings. Wl 


hat changes in 



3, The table holow shows the oner©? resourctoB In HusBia and in 
" the United States. 

Total Ho sources Russia United States 

Oil (bllllOM of barrels) 400 100 

Gm (trillions of cubic feet) 3,000 1,000 

Coal (blUlons of tons) 4,000 li^OO 

HydroelectTlc (billions of watts) 240 lf>0 

UranLum (tons) 1,000,000 660,000 
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What iiro llio polUtriil iirvl (u-onomU- impllcai Ioiih of llu- 
informuUon in Llm liiblu? 

A Htjhtsmu LhfU has l><Ji3n HcuMmiHly pi'oporicfl In In rvlenac 
porhiips 10 blllloti l<w houT'H of vnavgy uiirlorKfoiirid wllh 
thermonuclear bornlm. Aasumo IhaL half Ihln thormMi muvKy 
could bc3 capturad und uscfl to BcncraUj olfiC-lrlclLy. C anmionl 
on the fotiBlblllLy unci, or, doHlreablUly of IhiH proposnl from 
uny point of vlpw you doHire. 

Wlml would te thti ImplicjatlonH of Inrnc (lunnliliOH of pollution 
free oleL-lrlulty. What change's do you fcul would inUc plncc 
In our economy ? 

Suppose naLurnl ffus furnnnofs wore rnplrifod in honrtes wUli 
cleclrlc fumacea where tho electricity la gonerated In a 
natural gtts flrod plant. Has thcare been a gain or loBa In 
efflcletiey? 

The dlroct costs of air pollution to the consumer from all 
sourees has boea roughly ostlmated by the Public Health 
Service ill about $60 per person per year. Power producllon 
from fossil fuels accountH for about onc-thlrd of this, 
Suppoac massive oxploltation of coal resources were to lake 
place. What would happen to the costs of air pollution? 
What If instead, the oconomy shifted to nuclear power? 
What about other typep of possible pollution? 

Municipal solid waste has an energy content of about 5O0O 
BTU per pound. Commont on the feasibility of this as a 
souTcD of fuel to generate electricity. You may have to 
look up other Information and make asBumptlons. 
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VAUr IV. KNKHGV FLOW ANr) TflK (^IIKH iliiN OF TR ANHI'Oin A l ION 



ENEHGY DISTlUBllTruN 

Wo iito now vivddy lo look In clutail uL anin^gy conHuniplkm In Lho Unilod 
States, Spoclflually we avQ InloruHLnd In unHwors Lo the fbllowlni? quoHltonH! 

a. How much of our energy comcH from each sourcu? 

I), llow in this onurj^ coriHUmod by the uconomy? 

c. What 1b the ovornll rjffieiency of the main conBumptlon 
patterny ? 

Tho busla r.ir Lho annwcrB lo these f|uestIons Is given In Table 4, The 
number 6 are porcenlagos of gross consu-mptlon of unergy In the United 
States In 1970 which was G4*CO0 LrllUon BTU's per year* This groBS 
consumption for our Boelety Ib oqulvalent tot 

a. 2.1 billion kw 

1.134 million barrels of oil per hour 

c. 281,000 ions of coal per hour 

d. 5^620 railroad cars of eoal per hour 

Lumped into a single figure^ it is difficult to appreciate this quantity of 
emtgy flow. Perhaps the moat dramatic Impression Is that of the Qonsumptlon 
of about 6p000 railroad cars of coal each hour to ftiel our economy. 

To read Table 4, begin In the upper left corner with sourceB, We note that 
an Insignificant amount (0.3%) of our enerQ? came from nuclear sourceg. 
The alarming statistics are In Imports of 11.9% of our energy In the form 
of petroleum and natural gas. Remember that these numbers are the 1970 
rates, and are ''pre oil crisis.'* Certainly the Imports are higher now! 
Of the total input of eners^i 26*4% is used to generate electricity, and 
73,6% Is eonsumad In end uses directly, 

roUowlng the table down, we see that almost one fifth of our enersr (1SJJ%) 
Is lost In electricity generation. The 8% of the total which survives In the 
fottn of electricity Is split In consumption between household and commercMal 
and IndustrlaL Note, however, that household and commercial accounts for 
orUy 4.5% of the total. Thus, If all electricity were to be cut off to homes, 
the savings In electricity would not be as much as might be popularly believed. 



29 



Source Producllon 




I''Ki>rtrt. 


Con frui nip t (o n 


Cknorato 
I»ilocirlcUy 


I?^hcl line 
CcJtisuiiiptioii 


Nuclear 0.3 
HyUropower 1*^ 
Natural Gm 36*^ 
Petroloum 26, B 
Coal 23.8 


1.4 

io.n 


'J n 

At J 


a, 3 
37,0 

37.0 


4,2 
0,2 
3.0 
12. 1 


31.4 
33. 4 
B, 8 








100, OTj 


20. 4%^ 
1 

, ' — 






Total 


WUotG 




End 
Use 




^ — ^ 

GonorflU EloctrlcUy 
End Use Conaumptlon 


20.4 
73.6 


18.3 


8.0 ' 


73, G 






100. (n 




8.0% 


73,09f] 

1 






Total 


llDusehold ^ 
oijiiTinrWf it*i 


Tranaport= 
ftt ton 


Industrial 




EloctrlcUy 

End Uic ConsumptlDn 


a.o 


20,0 




3.6 

28. B 






81,6% 


24.5% 




32.1%^ 





f 



Waste 
Ener^ 



Work 



HpuseMd Commercial 
Transpertfttlon 



24.5 
25.2 
32. 1 



5,0 
18, 9 
7. 2 



10.0 



Emt^ Loat (jeneratlrig ElectrtcUy 



3L 1% 
18. 3 



50, 1% 



49,4% 



Table 4, Energy Flow IhrouRh U.S. Econoniy In 1970 



(NunihGrs are percentage of gross consunipllon) 
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No cjlocirlclty la Hhown imim oonBUniotl in IranHporUiLlDn. Of course* Iheru 
lire eloctrlually powored IranaporUition HyBlomH, bul Ihulr oonsunipllon of 
energy Is ImH than 0.1% of the groes coimimipLioiu 



We can eaBlly aojiiputo the efflclunoy of the thrGO catagDrlca of conHiiinption. 
In each ciiso 

lOffloloncy ^ ^^^IL^ x lOO ' 
Waste EnoT^ 

Using thlH relatlDnshlp^ the offloionalaB iirtM 



One thing is ubiindantly clear. If we want to buvq ener^, one of the Vmsl ^ 
placos to start Is with transportation. Since the autonioblle accounts for 
the inajorlty of air pollution it Is doubly InipDrtanl to find move eftlcient 
and less polluting forms of mass traniportation. 

The Iwo numbers at the bottom of Table 4 are most revealing. Of all the 
energy that goes Into our economy, 50.7?n Is eonvarted Into useful work. 
ThuSf the overall efficiency of our society as an energy conversion and 
eonaumptton mechanism li about 50%. The other side of the proposition 
Ib that 50% of the enersr consumed will wind up as a heat load on the 
eMvlronment. Sooner or later^ increasing energy consumption (even If new 
sources of enors^ can be foiuid) wiU lead to severe environmental problems 
because of this overall conversion efficiency. There la precious little hope 
that the overall efficiency of any IndUitrLal econoiny can be raised significantly 
above the 50% levt L 

TRANSPQBTATIOff EFFICffiNCIES 

As we have eeenp transportation aetlvltlee are among the most wasteftil of 
energy. Coneequcntly, we will look In detail at the process of enersr 
consumption by transportation. To measure ^e efficiency of tTansportation, 
we must consider more than simply the enerpr input. The whole pu^ose of 
transportation (we shall assume) Is to move people from, one point to another. 
A car wm consume roughly the same amount of ener^ whether there Is a 
alngle bcoupant or two. However^ froin the point of view of passenger 
efficiency a car carrying two passengeri has twice the efficiency of a car 
carrying only one. We sh^l define passepy - efllclency as follows* 



l>crcontage 



Ilousehold and CommerQlal 

Transportation 

Indug trial 



80 
25 
78 



Passenger EfflcleTicy (PE) 



Number of ^ Distance Traveled 
Passengers li Miles 



Gallons of Fuel Required 
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TransporUillon Moda 



Ocoan Llnur 
Automobile (url)un use) 



U.S. Supersonlo Jcl 



747 Jet 



Private Plane 



Motorcyclo (5 Hp) 
Commuter Train (2 level) 



Highway Bus 



MuTiibor of 



lOffialGnoleB 



IfiOO 


5 


1 


. 7 


2 


14 


:? 


, 21 


mo 


10 


75 


S 


21 n 


25 


lOu 


12 


50 


(3 


3 


34 


2 


23 


1 


XI 


1 


105 


1200 


120 


600 


60 


100 


10 


22 


140 


10 


64 



Table 0. Transporlation Efficiencies 
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We will assume that nil fuels have rou^ly Lhe same ener^ content per 
gallon be it^lesel fuel, jet fuel, or gasoline. 

The largest component of transportation Is the automobile. If the average 
mileage obtained Is 14 miles per gaUon and the car carries 2 passengers, 
the PE Is ' . 

■4 

PE = 2 passengers x 14 miles per gallon 
- 28 passenger miles per gallon. 

If 4 passengers are in the automobile^ the passenger efficiency jumps to 56. 
These numbers convey no particular meaning except In a general sense. 
Table 6 gives passenger efficiencies for various transportation methods. The 
raige of efficiencies is from 5 to 140. We conclude that a PE of 10 Is 
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"bad'* while one of HO 1b "gooth" Whurcvtvr pOHyiblg wo Hliould !irrnn|i;o^ 
iranflportatlon modes having cfflclcnclos of ovur 100. 

It li cloar that mnxlTnum piissonKor loads iiro nacoBsiiry to achlovc 
maximum passenger: eff la lency. A 747 jot transport with 210 passengers ^ 
has PE ^ 25, while If the load Is only 50 passongcra the PE dropB to CK 
The author has been on tranicontlnental flights^ In a 747 with only 26 other 
passengerB. This rldleuloue sltuatlonB Bprlngs from coin^lex roots. It 
Is doubtM whether our economy can afford Iho lumry of such wasteful 
praetlees In the future. 

Note that the highest passongur efficiency Is for a highway bus. This suggeets 
a very effective and reasonably rapid "fix'* for mass tmnsportatlon problema. 
Get people out of cars and Into buses. A rapid transit system baaed on buses 
certainly doesn^t have the glamour of a computer operated, electrified Bystem 
(such as the Bay Area Rapid Transit system (BART) 'presently finishing 
completion In the San Francisco area) but probably eoWd be put Into operation 
sooner and cheaper/ The economies of rapid traaalt Is a cloudy Issue at 
the present time in all our cities. However, vising prices and Increasing 
searclty of energy supplies requires a move towards buses and trains and 
away from private automobiles. 

We can axtraet additional information from Table 5. The fuel consuinptlon 
Is determined by those entries with dotted lines, Suppoie a 747 jet flies 
210 passengers coast to coast (3000 miles) with a passenger efficiency of 
25, Thus 

PE . 25 ^ 3000 

Gal Fuel 

Or 

Gal Fuel - ^ ^000 25,200 

25" 

A bus can transport 22 passengers 3000 miles with a paesongor efllclency 
of 140, The bus wUl therefore consume 

82 X 3000 , gallons . 
140 

Ten buses could transport the same number of papsangers as the 747 atove, 
However the buses would consume 4700 gallons of tml while the ]et would consunne 
25,2001 Of course t the jet completes the trip In about 6 hours while the 
buses would Require at least 75 hours. To cut the transit time fey 1/12 
requires 5 tlmes^ as much ftieL 



Anothor charatiloriHtlu which Ih Imporliini Ih tliu can caijaclly of n niodu 
of transportation. To illustralo let m tujinpar.j l.h(! anrrylng vnpiwlly of n 
lane of traffic and a rnllrouU track. Kor the lanr^ of (raffle^ if asaume 
an avorago HpeeH of 40 mph and 4 cur lontcthH IJotwuon-carH, about ZOOO cava 
will poaa a point In an hour. If onch ear cnrrlos 1 . 0 paHSongorH on the 
average, the carding capacity of oach lano of iraffla Is about .'JOOO passongcrH 
per hour. On the other hand, If wo assumo a commutor train can carry 1200 
paBaengers, and we can aafoly run a train overy 5 mlnutoB or 12 trains por 
hour, the carry Ing capacity of a railroad track la about 15,000 pasaengors 
per hour. Thue, a railroad track has about fi times the carrying capacity 
of a lane of traffic under the aBSumptlons wo have made, , 

The factors of pasaengor offlcloncy, trai. purtaLlon time, and qarrylng uapacUy 
all bear on the doalgn of a rapid trnnBlt fiyHtem. Complex problemB rarely 
have simple aolutlona and rapid LransU Is no exception. It Is reasonable lo 
assume that Blgnlflcant changes In patterns of mass Iransportatlon will roqulro 
at least a decade, and probably longer. Enera' preaaurea will surely force 
the move to more off Ic lent modoa of tranflportnlion. 

EXERCISES 

1. The program In Appendix A Is designed to Inveitlgate the energy 
flow described In Table 4, Recall that the figures In Table 4 
express percentage of gross enerfflr consumption In the United 
States In 1970 (64. 5E1S BTU). In the program you will be 
asked to Input the overall efficiencies. Next» assume an annual 
percentage decrease In waste for each of the catagorles. The 
output Is the Increase In efficiency due to cutting out waste. Do 
an open Invostlgatlon with this program to see how much we 
might bo able to Increase our consumption of ener©f without 
Increasing the supply if reaaonable savings can be achieved. 
Make any assumptions you need, 

2. The 1960 gross consumption of energy in the U.S. was 43.1E15 BTU, 
The 1970 value was C4.6E1.5 BTU. 

u. What was the annual growth in percent? 

b. What Is the doubling time In years? <Hlnt; Use 
Rule of Seventy-Two) 



c. 



If the trend continues unchanged, what will the 
energy consumption be In 1980 and 1990? 
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;i. 'ilia Irifnrmill ion hulnw (luHcribnii iii ihAnW llu? roHlcluiil inl 



ConHumpLlon Aiuuial Uiita 

(TrllUnnH of irri i) of Clrnwlh 

jnno 1908 



Spfict! HoiUlng 


4848 


(i()70 


4.1% 


Water Houtliig 


1159 


1 7:10 


5. 2 


CookinK 


55(1 


(i;j7 


1.7 


Ciothos Dry lnK 




liOH 


10, (i 


licf ri|fornl Inn 


nnf) 


(192 


H, 2 • 


Air Contjitlonlng 


1 


'127 


in,(i 


Other 




1 2'1 1 


5,5 



a, BaHccl on the datUi whero la Ihere greatest 
opportuntty for onurj0 BavingB? 

b. Compuro the rate of growth of space heating 
with the annual growth In gross cuinri^ con-' 
.sumption In 2a* What Information does thin 
reveal? 

Formulato a Btrategy to save ener©^ In 
residential use. Be sure to atate your 
assumptions, 

4i The Lnformallon below deici'lbes In detail the commercial 
consumption of ener^. 



Consumption Annual Hate 

(Trillions of STU) of Growth 





I960 






Space Hoatlng 


3111 


4182 


3.8' 


Water Heating 


544 


653 


2.3 


Cooking 


98 


139 


4.5 


Refrigeration 


534 


670 


2.9 


Air Conditioning 


576 


1113 


8.6 


Feed Stock 


734 


984 


3.7 


Other 


145 


1025 


28.0 



Compare the annual growth figures with the overall Increase In 
gross comsunnptlon from 2a. What can you conclude? What do you 
s^ppoie "other" means? Any sug^stlons for saving ener^? 
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n. Tha InfornuUlon Uilnw UuHcilbeH unnHiinipUon ot cnufjjy In 
IriinHporlatltKU 

CoiiHumpLlun Anmin] lUMo 

(TrililanH of Hl'tf) of Gri)Wlh_ 



1 9()() IiK)H 

Fuel ' 10B7a IfiOBH 4,1% 

Raw MalcrlalH 141 ' 14(1 0,4 

Conipfirn IhlH (Juta with all tho Infrirmnlinn you hnvn galntprK What 
HocmB to bo Impllucl by the c^ut^l? 

{), Thu suporsonlu Jot Lransporl (BHT) has an unuorUiln worUt Mure, 
Tha main advantage Is Mach 2.7 (2000 mph) travel. 

a. IlHa the Information in Tablo l> to compute IM tml 
consuitiptlon In gallonB per mile for a SST. 

b. The airline dlstanec from New York to London Is 
3500 miles, A SST could easily be aeheduled im 
two round trlpa per day. What would the daUy 
fviel requirement bo for a SST on sueh a fllpl 
schedule? The yearly requirement? 

c. Comment on the feasibility and deslreabllUy of a 
SST fleet (say 100 aircraft) both with regard 
ener^ deniands and as a mode of transportal-io^n, 

1, One of the newest transportation systems In the U*S* i« BAET 
(Bay Area Rapid Transit), This Is a modern, electrified^ 
computer controlled system. The BART trains are 6 cars long, 
each of which can car^ 72 passengers, purlng peak peiriods^ 
trains are scheduled every 90 seconds* ' 

a. What is the carrying capacity of BART In pwa^ng^rs 
per hour? 

b. Compare the carn^lng capacity of BART to th^t ot a 
highway, to a railroad, 

c. Based on your answer to Part b, what do you fw! Is the 
best answer to rapid transit? E^laln. 
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Tho I ranHportal-lon rotiulruniunlH f>r cHir (jcontuny art? vnrl(» ; 
Typlaul tripe mlRht Includn^-Lrlp to Hluru- ii IjlookH; I rip 
to workj 5 TniloH; uoinnuilu to work* f)0 iiilloH? ouoiiHlonai 
long trip: 2O0O mllos. Using Iho Infumuillari In I'ablij 5, 
dcHlgn tho compononlB of an ovornll LranHpnrtnl Ion ayHtuiri 
which would conHorvo tho miixlmum ninpunt of onur^ and 
would fit In reasonably well with tha habitn antl flomnndR nT 
our society* 

Lot uB aa^sumo that a nian can dallvnr 0, 1 lip for an hour^ 
and In thla time aould ride a blkn 15 inlloH. Ubo the 
information In Table 2 to oalculate the passenger offlaloncy 
for a btoyele, Cnmparf^ in (he pnHHfmgnr nfflt* Innninn In 
Tflblo 5. Bo prepared for n Hhock, 
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A NATIONAL F QDEL 

The aojnputor provldoa a veiy powoi^l and IntQrestlny; way to look at 
©ner[y aqn^umptlon* We wQl construct a national powor imodel which 
wHl ciy<6 two fundamental factors Into account. First, the average 
yearly gTOWth rate of the population pan be dcternilned from data readiir 
avaUable. Al^o Important Is the fact that the average powat- conBumpfv^ 
per oaplta has been Increasing. 

If tho cenaus Inforniatlon of the United States Is examined flroin 1790 to 
1970 wo <lnd a mean annual growth of 2. 2%. Tho inaKlnium average 
growth over any decade was 3,1%* The minimum average growth ovor 
any decade was 0,7% which took place ^ In 1930-1940, Granted these are 
crude numborB, but they are certainly In the range of reason. If we assume 
a 1790 national population of 4 million and a net annual growth of 2,2%^ 
the population In 1970 would be 201 million. The census value In 1970 
was 203.8 million, Much of the detailed variation In the not growth 
oausod Immlgratlont depresslonp war* etc, , Is oonce^lid by the slpiple 
comparLson. Howeverp^ we can be reasonably sure that when all factors 
are averaipdp the population Is growing at 2,2% per year, 

Whllo the population has been growing, the power consuinptlon per capita 
has also been Increasing steadily. Averaged over the period 1850 to 1970, 
the d^nnual increase in per capita power consumption Is about 1,2%.^^ 
A ftindamental Uw of modern countries seeme to be '^the tmm power a 
society con^umee, the more It wants to consume! " 

With these facts in hand, we can proceed to a simple mod^l which will 
enable ua to project forward Into the future. Let us A^tXm the following 
factors^ 

N U,S* population (millions) 

^ Net annual ^owth of population (%) 
P Per capita power consumption (kw) 
Rg K Net annual growth In P <%) 

^tot Total power consumption of economy (billions of kw) 
The model la quite simple. 
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'.Eg 

^old TTO ^old 
P X N 

p = new. ti§^ (3) 
tot ' lOpO / 

fhe ttilrd aqiiatlon in (3) contains a factor lOOO In the denomlMtor elnce we 
must multiply by 1 mtUloa to convert the popalatlon Qntry, aqd cJlvlde by 1 
billion to cronvert to WlllottS of k^. Hetice* 1 mllUoa dlv^lded 1 tllllon - 
I/IOOO. A BASIC program to describe the national power consumption model 
la shown in Fig. 5, The prograni Dontalni lie own inatructlons and wllKbe 
used In the exercises at "the end of this section. 



100 


BEM A NA.T'L POWB 




110 


PRINT "CUJRRENT POPtJLATION I^T MIXLIONS"; 




120 


INPUT N 




130 


PHmT '•AHMUAi GROWTH OF POPUIATION (%) 


It. ' 


140 


INPUT Rl 




150 


PHmT "PER CAPITA POWER CONSimPTION (KW)"; 


' 160 


INPUT P 




170 


PRINT "IJET ANNUAL GROWTH W PER" . 




180 . 


PRINT "CAPim POMHiR CONSUMP'TION,. 




190 


INPUT R2 , , ' 




26i 


PRINT "BOW MANY YEAES IN PROJECTION";/ 




210 


INPUT L ' 




220 


PRINT "PRESENT YEAR IS"; k 




230 


INPUT T ' ' * / 




240 


PRINT 




250 


PRINT "YEAR "."POPULATION", "PER CAPITA", 


"TOTAL POWER" ' 


260 


PRINT " (MILLIONS) ","PO^VER", "(BILLIONS 


OF" 


. 270 


PRINT " "," "(KW)",-"KW)" 




280 


PRINT • . . ' 




290 


FOR 1=1 TO L / " 




, 300 


IjEX Pl*P*N/100ld / 




310 


, PROJT P,N,P,Pl ' / 




320 


LIT' N«N+El*N/ljbd , / 




330 


LIT P=P+B2*P/l|iel 




, 340 


LET T=T+1 




350 


NEXT J , ' 




360 


END 




- - - J ^ - 1 . f< 





Fig. 7* A Batlonal povver model, 
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Ay ECOLOQICAL l^OPEL Am PROQBAM 

M the fitter end of the mev^ scala from the gtoss iiatlonal ener^ 
coasumptbn model Is the modal deicrlbiftg a small system of plants aad 
Ua tateTactloa with suiillght, tiutrlenti, mi water to protJuce biomaes* 
Nev^erthelesSi slftce our very exlgtmce Is predicated on the weU-^belng of 
met raatt. Wologlcal systenia, It inlght be well In closing to look cawMly . 
^ at such syatenas* ■ ' ' . 

Ope bf the slniplest appTOaches to a biological system ^*e might conalder Is 
as follciws. Let I be the Input of m&tgy^ Into the systeia each day 
Irom tbs sun, will be the ^ount of bloHiESi ptsaetit, and Ng t^® quantity 
- ©f mUerala and COg available to fopm blomass. \^^ 
bloaasg Is formed at a rate jointly proportional to the amount of minerals 
and COj preseiit (Ng), the amount of sanllght per day (I)^ and the amount 
cf bloiftaes (Nj)* The proportionality constant Is kg* ' 

Tlie bloiiiaas uadergoes respiration which releasea minerals and CD2 at a 
rate proportloiial to tiie amount of blomaes present (Ng). The constant of 
pwpottbiiBll^ Is k^- Therefore J the model describing this closed systeni 
Is as follows r ' . 

<^l>.ew = ^^^old ^ Wm <^2>old - WoM ' (4) 

Vfe note that some blomass (Nj^) must be preaent for new material to be 
growu. Also, I is ^ero during hours of^darknesB since photosynthesis 
oGCurs only during daylight hours. The program in Fig. 8 deicrlbes the 
wiodeL 



r 
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HEM AN ECO MODEL 


iiiel 




'ENERffy INPUT PROM SUN (KCAL'/DAY)"j 




INPUT 


I 






"INITIAL BIOMASS (KG)"; , 


14rf 


INPUT 


Ml , , 


1 


4^ 4\^>^^ 4 


"GEOWTH CONSTANT"; 




INPUT 


K2 


1 'zrt' 

4 f V 




"MlNERAliS & C02 (KG)"-, 


4 Uff 


TNPTTT 


Kr2 ■ 


1 ^cf 


P'RTM'T 




odd 


n^pUT 


Kl 




PRIfTT 


"HOW MANY DAYS"; 




INPUT 


L 




PRINT 




24Gf 


PROTT 


/ 




PRIN'T 


"mY", "HOUB", "BIOMASS", "NUTRIENTS" 


255 


PRIN'T 


" " (KG)" 




PRIN'T 






FOE 0=1 TO L 




FOE K 


=1 TO 24 




LET I 


1 = ^ 


%(^^ 


PRWT 


D,H,m,N2 




IF INT(H/12+.B) <> 1 THEN SSflT 


^ %9.Cf 


LET I 


1 = I- 




LET M2=N2+Kl*Nl-KZ*Il*N2 




LET Ml=Nl+K2*ri*N'2-Kl*Nl , • , 




LET N"2=M2 




LET Nri=Ml 


370' 


NEXT 


H . 


380' 


NEXT 


D 


39^ 


END 





Pig, S, An ecobgical energy^modeL \ 



Certalii assumptloiiB hav^ been Wade In the modaL First, we are eoncariiea 
with a square meter system coataliilng 50 kllograws of blomasa Mid BOO 
kilograms of nutrients. (A kilogram Is equal to 2.2 pounds). The solar 
Uiput into the square meter Is 50 Kepi per day, For these aseumptiona a 
reasonable v^ue for the grovvtli congtant Is 4E-7| with a corresponding ^ 
V j^ue f or the reaplrat^on conitaat of 6E-S. 
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EXERCISIS 



1. Siippose our mtlonal population keeps growing at a net rate 
of 2. 2% per year, and the demand for power per capUa 
keeps gro^^ing at an annual rate of 1*2%. Using the program 
In rig, 7, determine what the power consumption of our 
economy ^Ul be In 1980, 1990 and 2000? 

a. Recall that In 1970 our population was 204 

million, and the per aapita power Goaaumptlon 
was 10 kw, ExpreiS the results for the year 
20O0 In terms of the 1970 power consumption, 
and discusi the Influence of the figures for the 
year 2000, 

2. Perhaps we could manage a iteady decreaie in the new growth 
In population of 0.1% eaoh year with the demand for powar 
increasing as In 1 above. Modl^^ the program In Fig* 7 to 

. take this Into account 1^ adding thli llnei ; 

342^ LET Bl=El-0. 1 
Theft compute the predlctlona called for In Exercise 1. 

3. Repeat Exercise 2 oxcopt addUionally cut down the rate of 
Increase in powet coneumptlon by 0,06% each year hy Inserting 
the line* 

344 LET H2-R2=0.06 



Optional for Programmerg 

4. Use the program In Fig. 7 modified as necesaary to 

Investigate power consumption under any set of asiumptlons 
you dee Ire. Look ahead for the next 4 or 5 decades, and 
try to nnd a scheme which will save power and whjoh has 
Bomk chance of balng Implemented* 



5, Run the propMi In Fig, 8 with IheA parwneter values suggested 
In the last paragraph of the text. What Is the net production of 
blomaas per square meter par day? 



44 



43 



6. What happens Lo the production of biomass If we move the system 
to a more northerly latitude which cuts down the amount of energy 
available from the iun by, say, 25" Kcal/day? 

7. Rerunning the prograin in Fig. 8, see If you can adjust the 
.reBplratlon factor to form a balanced system. A balanoed syitein 

Is one with the same amount of biomass at the end of each day. 
If the amount of biomass Is changed from ^e balanced value, doeB 
the system move away from or back toward the balanced values?. 

8. Look up typical values of food producrioti per acre and compare to 
predictions In Exercise 5. Remember that the model predlcti 

' total biomass production, and the food yield Is only a small part 
of this. Assume a growing season of 4- monthi. One acre equals 
4047 square meteTS. 
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APPENDrX A, 



A Prbgrain to Examine EfllcLencles 



IM WM MOGKAH T© tXAMlNE OVERALL 

na REM ErFICIENCIES OF ECONOMY 

lai PRINT ••INPUT PRESENT EFFICIENCIES Cl> 

130 PRrtiT HOUSEHOLD * COMMERCIAL"! 

i 40 INPUT El 

1 10 LET E|sEl/lfl0 

160 PRINT- TRANSPORTATION"! 

170 INPUT E2 

180 LET .Ea«E8/lB0 

190 PRINT INDUSTRIAL"! 

800 INPUT E3 V ' 

gl0 LET E3«E3/100 

IIS PRiNT •* INPUT ANNUAl, DECREASE IN WASTE? 

340 PRINT " HOUSEHOLD 4 COMMERCIAL"! 

2S0 INPUT X 

t60 LET X-X/100 

870 PRINT" TRANSPORTATION"! . 

880 INPOT Y 

890 LET Ysy/100 

300 PRINT INDUSTRIAL"! 

31^ INPUT Z 

380 LET Z»Z/100 

3 30 " PRINT "HOW MANY YEARS"! 

3 40 INPUT N 

3S0 PRINT 

3 6fl PRINT ■ 

'tia PRINT "YEAR"*" "*"EFF1CI ENCY" 

111 PRINT " "^''HOUSEHOLD *"."TRANSP0RTA-","1NDUSTRIAU 
390 PRINT "*"C0MMERCIAL"*"TI0N" 

400 PRINT 

410 FOR I«il TO N . 

480 PRINT I,EI»L00*Ea*100*E3*10a 

430 LET E1«E1*K*< l-Et ) 

440 LET Eg"E8+Y*<l-Ea) 

450 LET E3»E3*Z*< ?-E3> 

460 NEXT I 

470 END 
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